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1
CEPHALOSPORIN DERIVATIVES

This invention relates to novel B-lactam containing
compounds, their preparation and their use, and in par-
ticular to a novel class of cephalosporins. These com-
pounds have antibacterial properties, and therefore are
of use 1n the treatment of bacterial infections in humans
and animals caused by a wide range of organisms.

The compound 3-[(acetyloxy)methyl]-7-[2-(2-amino-
4-thiazolyl)-2-methoxyiminoacetamido]cephalospo-

ranic acid (cefotaxime) is an injectable, B-lactamase.

stable, cephalosporin antibiotic. It is representative of a
class of cephalosporin compounds known as third gen-
eration cephalosporins. Cefotaxime 1s substituted at the
3-position of the cephalosporin nucleus by a straight-
chain, acetyloxymethyl group.

We have now found a particular class of cephalospo-
rins bearing a lactone substituent at the 3-position of the
cephalosporin nucleus that possesses high antibacterial
activity and also shows good parenteral and oral ab-
sorption. |

The present invention provides a compound of for-
mula (I) or a salt thereof:

!
R }_{ X {1
RENH—L—'(
0% N R4
CO3R3
wherein

R!is hydrogen, methoxy or formamido;
RZ is an acyl group, in particular that of an antibac-

terially active cephalosporin;
CO3R3 is a carboxy group or a carboxylate anion, or
R3is a readily removable carboxy protecting group

(such as a pharmaceutically acceptable in-vivo
hydrolysable ester group);

R4 is a y-lactone ring optionally containing an endo-
cyclic double bond, which ring is optionally substi-
tuted at any carbon atom by alkyl, dialkylamino,
alkoxy, hydroxy, halogen or aryl, which in the case
of more than one substituent may be the same or
different, or is optionally di-substituted at two adja-
cent carbon atoms, which are available for substitu-
tion, to form an aromatic fused bicyclic system; and
X 15 $,50,50,3,0 or CH,.

‘The bonding carbon atom of R4 which links the lac-
tone ring to the cephalosporin nucleus may be asymmet-
ric. The present invention includes either stereoisomer,
as well as mixtures of both isomers.

In compounds of formula (I) wherein R! is for-
mamido, the formamido group can exist in conforma-
tions wherein the hydrogen atoms of the —NH—CHO
moiety are cis- or trans-; of these the cis conformation
normally predominates. |

As used herein, the term y-lactone refers to a 5-mem-
bered lactone ring bonded via the 3-, 4- or 5-position
carbon atom, optionally substituted at the ring carbon
atoms as hereinbefore defined, and includes dihydro-
and tetrahydro-2-oxofuran rings.

Since the S-lactam antibiotic compounds of the pres-
ent invention are intended for use as therapeutic agents
in pharmaceutical compositions, 1t will be readily appre-
ciated that preferred compounds within formula (I) are
pharmaceutically acceptable, i.e. are compounds of
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2

formula (Ia) or pharmaceutically acceptable salts or
pharmaceutically acceptable in vivo hydrolysable esters
thereof: | |

1 a
3 Y x .
RZNHT-'(
o N
o i g4
CO;R®

wherein R1, R2, R4and X are as defined with respect to
formula (I) and the group CO2R¢ is CO2R3 where
CO,R3 is a carboxy group or a carboxylate anion.

Those compounds of the formula (I) wherein R3is a
readily removable carboxy protecting group other than
a pharmaceutically acceptable in vivo hydrolysable
ester or which are in non-pharmaceutically acceptable
salt form are primarily useful as intermediates in the
preparation of compounds of the formula (Ia) or a phar-
maceutically acceptable salt or pharmaceutically ac-
ceptable in vivo hydrolysable ester thereof.

Suitable readily removable carboxy protecting
groups for the group R3 include groups forming ester
derivatives of the carboxylic acid, including in vivo
hydrolysable esters. The derivative 1s preferably one
which may readily be cleaved in vivo.

It will be appreciated that also included within the
scope of the invention are salts and carboxy-protected
derivatives, including in vivo hydrolysable esters, of
any carboxy groups that may be present as optional
substituents in compounds of formula (I) or (Ia). Also
included within the scope of the invention are acid
addition salts of any amino group or substituted amino
group that may be present as optional substituents in
compounds of formula (1) or (1a).

Suitable ester-forming carboxyl-protecting groups
are those which may be removed under conventional
conditions. Such groups for R3 include benzyl, p-
methoxybenzyl, benzoylmethyl, p-nitrobenzyl, 4-
pyridylmethyl, 2,2,2-trichloroethyl, 2,2,2-tribromo-
ethyl, t-butyl, t-amyl, allyl, diphenylmethyl, triphenyl-
methyl, adamantyl, 2-benzyloxyphenyl, 4-methylthi-
ophenyl, tetrahydrofur-2-yl, tetrahydropyran-2-yl, pen-
tachlorophenyl, acetonyl, p-toluenesulphonylethyl, me-
thoxymethyl, a silyl, stannyl or phosphorus-containing
group, an oxime radical of formula —N—CHR’ where
R7 is aryl or heterocyclic, or an in vivo hydrolysable
ester radical such as defined below.

When used herein the term ‘ary!’ includes phenyl and
naphthyl, each optionally substituted with up to five,
preferably up to three, groups selected from halogen,
mercapto, Ci.¢ alkyl, phenyl, Ci.¢ alkoxy, hydroxy(C;.
6)alkyl, mercapto(Ci-g¢)alkyl, halo(Ci.¢) alkyl, hydroxy,
amino, nitro, carboxy, Cj.¢ alkylcarbonyloxy, alkoxy-
carbonyl, formyl, or C,.¢ alkylcarbony! groups.

The terms ‘heterocyclyl’ and ‘heterocychc’ as used

herein include aromatic and non-aromatic, single and

fused, rings suitably containing up to four hetero-atoms
in each ring selected from oxygen, nitrogen and sul-
phur, which rings may be unsubstituted or substituted
by, for example, up to three groups selected from halo-
gen, (C1.¢)alkyl, (Ci.¢)alkoxy, halo(Cj.¢)alkyl, hydroxy,
carboxy, carboxy salts, carboxy esters such as (Cj.¢)al-
koxycarbonyl, (Ci.¢)alkoxycarbonyl(Ci.¢)alkyl, aryl,
and oxo groups. Each heterocyclic ring suitably has
from 4 to 7, preferably § or 6, ring atoms. The term
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‘heteroaryl’ refers to heteroaromatic heterocyclic rings.
A fused heterocyclic ring system may include carbocy-
clic rings and need include only one heterocyclic ring.
Compounds within the invention containing a hetero-
cyclyl group may occur in two or more tautometric
forms depending on the nature of the heterocyclyl

group; all such tautomeric forms are included within
the scope of the invention.

When used herein with respect to variable R4, the
term ‘aromatic fused bicyclic system’ falls within the
definition of ‘fused heterocyclic ring system’ as de-
scribed above, wherein at least one ring is a 5-mem-
bered lactone ring. Preferably the second ring is a 5- or
6-membered carbocyclic ring.

When used herein the terms ‘alkyl’ and ‘alkoxy’ (or
‘lower alkyl’ and ‘lower alkoxy’) include straight and
branched chain alkyl groups containing from 1 to 6
carbon atoms, such as methyl, ethyl, propyl and butyl.
A particular alkyl group is methyl.

When used herein the term ‘halogen’ refers to fluo-
rine, chlorine, bromine and 10dine.

A carboxyl group may be regenerated from any of
the above esters by usual methods appropriate to the
particular R3 group, for example, acid- and base-cat-
alysed hydrolysis, or by enzymically-catalysed hydroly-
sis, or by hydrogenolysis under conditions wherein the
remainder of the molecule is substantially unaffected.

Examples of suitable pharmaceutically acceptable in
vivo hydrolysable ester groups include those which
break down readily in the human body to leave the
parent acid or its salt. Suitable ester groups of this type
include those of part formulae (1), (it), (ii1), (iv) and (v):

RY (i)

|
= C0;CH=0.CO.R?

Rd (ii)
/
~COz~R=N
AN
RE

= C0Q,CHy=OR/

R¢
O

—C0,—CHOCO R®

Q—CO~CH
| NH,

CORX R/ (v)

H
—CO; R

R”

wherein R? is hydrogen, C;.¢ alkyl, C3.7 cycloalkyl,
methyl, or phenyl, R?is Cj.¢ alkyl, Ci.¢ alkoxy, phenyl,
benzyl, Ci.7 cycloalkyl, Ci.¢ alkyl Cs3.7 cycloalkyl, 1-
amino Cj.¢ alkyl, or 1-(Ci.¢ alky)amino Cj.¢ alkyl; or
R< and R%together form a 1,2-phenylene group option-
ally substituted by one or two methoxy groups; Re¢ rep-
resents Ci.¢ alkylene optionally substituted with a
methyl or ethyl group and R4 and R¢ independently
represent Cy.¢ alkyl; R/ represents Cj.¢ alkyl; RS repre-
sents hydrogen or phenyl optionally substituted by up
to three groups selected from halogen, Cj.¢ alkyl, or
Ci.¢ alkoxy:; Q is oxygen or NH; R”is hydrogen or Cj.¢

4

alkyl; R/ is hydrogen, Cy.¢ alkyl optionally substituted
by halogen, Ca.¢ alkenyl, Cj.¢ alkoxycarbonyl, aryl or
heteroaryl; or R”and R/together form Ci.¢ alkylene; R/
represents hydrogen, Cj.¢ alkyl or Cj.¢ alkoxycarbonyl;
and R* represents Cj.g alkyl, C.g alkoxy, Cj.¢ alkox-
y(Ci.¢)alkoxy or aryl. Examples of suitable in vivo hy-
drolysable ester groups include, for example, acyloxyal-

~ kyl groups such as acetoxymethyl, pivaloyloxymethyl,
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- a-acetoxyethyl, a-pivaloyloxyethyl, I-(cyclohexylcar-

bonyloxy)prop-1-yl, and (l-aminoethyl)carbonylox-
ymethyl: alkoxycarbonyloxyalkyl groups, such as
ethoxycarbonyloxymethyl and a-ethoxycarbonylox-
yethyl; dialkylaminoalkyl especially di-loweralk-
ylamino alkyl groups such as dimethylaminomethyl,
dimethylaminoethyl, diethylaminomethyl or diethyl-
aminoethyl; 2-(alkoxycarbonyl)-2-alkenyl groups such
as 2-(isobutoxycarbonyl)pent-2-enyl and 2-(ethoxycar-
bonyl)but-2-enyl; lactone groups such as phthalidyl and
dimethoxyphthalidyl; and esters linked to a second S3-.
lactam antibiotic or to a 8-lactamase inhibitor.

A further suitable pharmaceutically acceptable 1n
vivo hydrolysable ester group is that of the formula:

—C0;CH; RS

wherein R° is hydrogen, Ci.¢ alkyl or phenyl.

Suitable pharmaceutically acceptable salts of the car-
boxy group of the compound of formula (I) include
metal salts, eg aluminium, alkali metal salts such as
sodium or potassium, alkaline earth metal salts such as
calcium or magnesium, and ammonium or substituted
ammonium salts, for example those with lower alkyia-

‘mines such as triethylamine, hydroxy-lower alkyla-

mines such as 2-hydroxyethylamine, bis-(2-hydroxye-
thyDamine or tris-(2-hydroxyethyl)amine, cycloalkyla-
mines such as dicyclohexylamine, or with procaine,
dibenzylamine, = N,N-dibenzylethylenediamine, 1-
ephenamine, N-methylmorpholine, N-ethylpiperidine,
N-benzyl-S-phenethylamine, dehydroabietylamine,
N,N'-bisdehydro-abietylamine, ethylenediamine, or
bases of the pyridine type such as pyridine, collidine or
quinoline, or other amines which have been used to
form salts with known peniciilins and cephalosporins.
Other useful salts include the lithium salt and silver salt.
Salts within compounds of formula (I), may be prepared
by salt exchange in conventional manner.

In compounds of formula (I) or (Ia), the group X may
be sulphur or an oxidised sulphur atom, i.e. a sulphoxide
(SO) or sulphone (SO3) group. When X is a sulphoxide
group it will be understood that a- and B-isomers may
exist; both such isomers are encompassed within the
scope of the present invention.

Preferably X i1s sulphur.

Advantageously, R! is hydrogen.

Suitable acy! groups R? include those of formulae

(a)-(f):

AI(CHy)p=CH—(CHy)—=CO— (a)

X1

AHCO-— (b)
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-continued

CH, CO (c)
S\ S/
X2 C
N/ N\
C X

H> 1

A= X3=(CH3)p—CO— (d)

A3—C—CO— (e)

I

N

0

OAs
Ag'-ﬁ“CO“- ()

2
Ay

wherein pis 0, 1 or 2, mis 0, 1 or 2; A;is Cy.¢ alkyl,
substituted Cj.¢ alkyl, Ci.¢ cycloalkyl, cyclohexenyl,
cyclohexadienyl, an aromatic (including heteroaro-
matic) group, such as phenyl, substituted phenyl, thi-
enyl, pyridyl, or an optionally substituted thiazolyl
group, a Cj.¢ alkylthio group or Cj¢ alkyloxy; X is a
hydrogen or halogen atom, a carboxylic acid, carbox-
ylic ester, sulphonic acid, azido, tetrazolyl, hydroxy,
acyloxy, amino, ureido, acylamino, heterocyclylamino,
guanidino or acylureido group; A;1s an aromatic group,
for example a phenyl, 2,6-dimethoxyphenyl,2-alkoxy-1-
‘naphthyl, 3-arylisoxazolyl, or a 3-aryl-5-methylisoxazo-
lyl group, such as 3-(2-chloro-6-fluorophenyl)-5-
methylisoxazol-4-yl; a substituted alkyl group; or a sub-
stituted dithietane; X3 i1s a —CH;OCH,;—, —CH,SC-
H;— or alkylene group; X3 1s an oxygen or sulphur
atom; A3 is an aryl or heteroaryl group such as phenyl,
substituted phenyl or aminothiazolyl in which the
amino group 1s optionally protected; and A4 is hydro-
gen, Ci.¢alkyl, Cs.gcycloalkyl, Ci.¢ alkoxycarbonyl(C;.
6) alkyl, Ci.¢ alkenyl, carboxy(Ci.¢)alkyl, Cjy.¢ alkynyl,
aryl or aryl{Cj.¢)alkyl.

The term ‘heteroaryl’ as used herein means a
~ heteroaromatic heterocyclic ring or ring system, suit-
ably having 5 or 6 ring atoms in each ring.

Suitably when RZis a group (a), A1is Ci.galkyl, C3z.6
cycloalkyl, cyclohexenyl, cyclohexadienyl, phenyl,
substituted phenyl such as hydroxyphenyl, thienyl or
pyridyl; and X 1s a hydrogen or halogen atom, or a
carboxy, carboxylic ester, azido, tetrazolyl, hydroxy,
acyloxy, optionally protected amino, ureido, guanidino
or acylureido group.

Suitably when RZ is a group of formula (d), Az is
phenyl, X3 1s oxygen and p is O.

Alternatively when R2is a group of formula (e), suit-
able values for the group A3 include those commonly
found in antibacterially active cephalosporins contain-
ing a hydroxyimino or substituted hydroxyimino group
in the side chain attached to position 7 of the cephalo-
sporin nucleus, for example phenyl, thien-2-yl, thien-
3-yl, fur-2-yl, fur-3-yl, pyrid-2-yl, pyrid-3-yl, pyrid-4-yl,
5-amino-1,2,4-thiadiazol-3-yl and 2-aminothiazol-4-yl in
each of which the amino group is optionally protected.

Preferred groups for Aj include phenyl, 2-amino-
thiazol-4-yl, fur-2-yl, thien-2-yl, 2-(2-chloroacetamido)-
thiazol-4-yl, 2-tritylaminothiazol-4-yl, S5-amino-1,2,4-
thiadiazol-3-yl and 4-aminopyrimid-2-yl.

In compounds of formula (Ia), a particularly pre-
ferred group for Ajis 2-aminothiazol-4-yl.

Suitable values for the group A4 include hydrogen,
methyl, ethyl, cyclopropyimethyl], triphenylmethy! (tri-
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tyl), cyclobutyl, cyclopentyl, cyclohexyl, cycloheptyl,
cyclooctyl, phenyl, carboxymethyl, carboxypropyl and
t-butoxycarbonylmethyl.

~ Preferred values for Asin compounds of formula (Ia)
include methyl and hydrogen. ‘

It will be appreciated that compounds of the inven-
tion wherein R2 is a group of formula (e) (or (f)) can
exist as syn and anti1 (or E and Z) i1somers or mixtures
thereof. Both isomers are encompassed within the scope

- of this invention.

- Preferably the compounds of the invention wherein

'R2is a group of formula (e) have the svn configuration

(i.e. have the group OAg4 syn to the amide linkage) or
are enriched in that isomer.

Similarly, when R? is a group of formula (f), the
group Ay is preferably cis to the amide linkage, 1.e.
when group (f) is 2-amino-thiazol-4-yl, the Z-configura-
tion 1s preferred. | |

Preferred examples of R4 include 2-oxotetrahydrofu-
ran-5-yl, 2-oxotetrahydrofuran-4-yl and 2-oxotetrahy-

- drofuran-3-yl
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Certain compounds of the invention include an amino
group which may be protected. Suitable amino protect-
ing groups are those well known in the art which may
be removed under conventional conditions without
disruption of the remainder of the molecule.

Examples of amino protecting groups include Ci.¢
alkanoyl; benzoyl; benzyl optionally substituted in the
phenyl ring by one or two substituents selected from
Ci4 alkyl, Ci4 alkoxy, trifluoromethyl, halogen, or
nitro; Ci.4 alkoxycarbonyl; benzyloxycarbonyl or trityl
substituted as for benzyl above; allyloxycarbonyl, tri-
chloroethoxycarbonyl or chloroacetyl.

Some of the compounds of this invention may be
crystallised or recrystallised from solvents such as or-
ganic solvents. In such cases solvates may be formed.
This invention includes within its scope stoichiometric
solvates including hydrates as well as compounds con-
taining variable amounts of water that may be produced
by processes such as lyophilisation.

Since the antibiotic compounds of the invention are
intended for use in pharmaceutical compositions it will
readily be understood that they are each provided in
substantially pure form, for exampie at least 60% pure,
more suitably at least 75% pure and preferably at least
85%, especially at least 95% pure (% are on a weight
for weight basis). Impure preparations of the com-
pounds may be used for preparing the more pure forms
used in the pharmaceutical compositions; these less pure
preparations of the compounds should contain at least
1%, more suitably at least 5% and preferably from 10 to
49% of a compound of the formula (I) or salt thereof.

Specific compounds within this invention of formula

-(Ia) include the following and pharmaceutically accept-

able salts and in-vivo hydrolysable esters thereof:
(6R,7R)-7-[2-(2-aminothiazol-4-yl)-2-(Z)-methox-
yiminoacetamido]-3-[(SRS)-2-oxotetrahydrofuran-5-
yllceph-3-em-4-carboxylic acid,
(6R,7R)-7-{2-(2-aminothiazol-4-yl1)-2-(Z)-hydrox-
yiminoacetamido]}-3-[(SRS)-2-oxotetrahydrofuran-5-
yljceph-3-em-4-carboxylic acid,
(6R,7R)-7-[2-(2-aminothiazol-4-yl)-2-(Z)-methox-
yiminoacetamido]-3-[(4RS)-2-oxotetrahydrofuran-4-
yl]ceph-3-em-4-carboxylic acid,
(6R,7R)-7-[2-(2-aminothiazol-4-yl)-2-(Z)-carboxyme-
thoxy iminoacetamido]-3-[(SRS)-2-oxotetrahydrofu-
ran-5-ylj-ceph-3-em-4-carboxylic acid, and
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(6R,7R)-7-[2-(2-aminothiazol-4-yl)-2-(Z)-methox-
yiminoacetamido]-3-[(3RS)-2-oxotetrahydrofuran-3-
yllceph-3-em-4-carboxylic acid.
The present invention further provides a process for

the preparation of a compound of formula (I), which
process comprises treating a compound of formula (1I)
or a salt thereof:

R! H (II)

: = X
Hns
Y 4 N A R4
0O
CO,R3

wherein R1, CO;R3, R4 and X are as hereinbefore de-
fined, wherein any reactive groups may be protected,
and wherein the amino group is optionally substituted
with a group which permits acylation to take place;
with an N-acylating derivative of an acid of formula

(111):

RZ0OH (111)
wherein R2is as defined with respect to formula (I) and
wherein any reactive groups may be protected; and
thereafter, if necessary or desired, carrying out one or
more of the following steps:

1) removing any protecting groups

1) convemng the group CO;R3 into a different group

CO3R3:

iii) converting the group RZinto a dlfferent group R?;

iv) converting the group X into a different group X;

v) reducing an endocyclic double bond within R4

vi) converting the product into a salit.

Acids of formula (I11]) may be prepared by methods
known in the art, or methods analogous to such pro-
cesses. Suitable processes include those described, for
example, in UK Patent 2 107 307 B, UK Patent Specifi-
cation No. 1,536,281, and U.K. Patent Specification No.
1,508,064. |

Suitable groups which permit acylation to take place
and which are optionally present on the amino group of
the starting material of the formula (II) include N-silyl,
N-stannyl and N-phosphorus groups, for example trialk-
ylsilyl groups such as trimethylsilyl, trialkyltin groups
such as tri-n-butyltin, groups of formula —P.RER®
wherein R8is an alkyl, haloalkyl, aryl, aralkyl, alkoxy,
haloalkyl, aryl, aralkyl, alkoxy, haloalkoxy, aryloxy,
aralkyloxy or dialkylamino group, RYis the same as R?®
or is halogen or R8and R?together form a ring; suitable

such phosphorus groups being —P(OCzyHs)y,
—P(C2Hjs)a,
(I}—(ffﬂz)z and fl)--(cl:Hz)'a
P —_—p—0

A group which may optionally be introduced onto the
amino group in the compound of formula (II) 1s trimeth-
ylsilyl.

Advantageously the silylation reaction may be car-
ried out in situ, prior to the acylation reaction, with a
silylating agent that does not require concomitant addi-

tion of base. Suitable silylating agents include, for exam- -

ple, N-(trimethylsilyl)-acetamide, N,O-bis(trimethyl-
silyDacetamide, N,O-bis(trimethylsilyl)trifluoroaceta-
mide, N-methyl-N-trimethylsilylacetamide, N-methyl-
N-trimethylsilyl-trifluoroacetamide, N, N’-bis(trime-
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8 |
thylsilylurea, and N,O-bis(trimethylsilyl)carbamate. A

preferred silylating agent is N,O-bis(trimethylsilyl-
Jacetamide. The silylation reaction may suitably be
carried out in an inert, anhydrous organic solvent such

as dichloromethane at room temperature or at an ele-
vated temperature, for example 30°-60° C., preferably

40°-50° C.

The above process may optionally be carried out in
the presence of a small quantity. for example 0.1 equiva-
lents, of a silyl halide, for example a tri(Cj.¢)alkylsilyl
halide, especially trimethylsilyl chlonde.

A reactive N-acylating derivative of the acid (111} 1s
employed in the above process. The choice of reactive
derivative will of course be influenced by the chemical
nature of the substituents of the acid.

Suitable N-acylating derivatives include an acid hal-
ide, preferably the acid chloride or bromide. Acylation
with an acid halide may be effected in the presence of an
acid binding agent for example, tertiary amine (such as
pyridine or dimethylaniline), molecular sieves, an inor-
ganic base (such as calcium carbonate or sodium bicar-
bonate) or an oxirane, which binds hydrogen halide
liberated in the acylation reaction. The oxirane is pref-
erably a (Ci.¢)-1,2-alkylene oxide-such as ethylene
oxide or propylene oxide. The acylation reaction using
an acid halide may be carried out at a temperature in the
range —50° C. to +50° C., preferably —20° C. to +20°
C., in agueous or non-aqueous media such as water,
acetone, tetrahydrofuran, ethyl acetate, dimethylacet-
amide, dimethylformamide, acetonitrile, dichlorometh-
ane, 1,2-dichloroethane, or mixtures thereof. Alterna-
tively, the reaction may be carried out in an unstable
emulsion of water-immiscible solvent, especially an
aliphatic ester or ketone, such as methyl isobutyl ketone
or butyl acetate.

The acid halide may be prepared by reacting the acid
(II1) or a salt or a reactive derivative thereof with a
halogenating (eg chlorinating or brominating) agent
such as phosphorus pentachloride, thionyl chlonde,
oxalyl chloride or phosgene.

Alternatively, the N-acylating derivative of the acid
(II1) may be a symmetrical or mixed anhydride. Suitable
mixed anhydrides are anhydrides with, for example,
carbonic acid monoesters, trimethyl acetic acid, thioa-
cetic acid, diphenylacetic acid, benzoic acid, phospho-
rus acids (such as phosphoric, phosphorous, and phos-
phinic acids) or aromatic or aliphatic sulphonic acids
(such as p-toluenesulphonic acid or methanesulphonic
acid). When a symmetrical anhydride is employed, the
reaction may be carried out in the presence of 2,6-luti-
dine as catalyst.

Alternative N-acylating derivatives of acid (III) are

" the acid azide, or activated esters such as esters with

2-mercaptopyridine, cyanomethanol, p-nitrophenol,
2,4-dinitrophenol, thiophenol, halophenols, including
pentachlorophenol, mohomethoxyphenol, N-hydroxy
succinimide, N-hydroxybenzotriazole, or 8-hydrox-
yquinoline; or amides such as N-acylsaccharins, N-acyl-
thiazolidin-2-thione or N-acylphthalimides; or an alkyli-
dene iminoester prepared by reaction of the acid (I11)
with an oxime.

Other reactive N-acylating derivatives of the acid
(I1ID) include the reactive intermediates formed by reac-
tion in situ with a condensing agent such as a carbodiim-
ide, for example, N,N’-diethyl-, dipropyl- or diuso-
propylcarbodiimide, N,N'-di-cyclohexyl-carbodiimide,
or N-ethyl-N'-[3-(dimethylamino)propyl]-carbodii-
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mide; a suitable carbonyl compound, for example, N,N'-
carbonyldiimidazole or N,N'-carbonylditriazole; an
isoxazolinium salt, for example, N-ethyl-5-phenylisox-
azolinium-3-sulphonate or  N-t-butyl-5-methylisox-
azolinium perchlorate; or an N-alkoxycarbonyl 2-
alkoxy-1,2-dihydroquinoline, such as N-ethoxycarbonyl
2-ethoxy-1,2-dihydroquinoline. = Other condensing
agents include Lewis acids (for example BBr3—CgHe);
or a phosphoric acid condensing agent such as diethyl-
phosphorylcyanide. The condensation reaction is pref-
erably carried out in an organic reaction medium, for
example, methylene chloride, dimethylformamide, ace-
tonitrile, alcohol, benzene, dioxan or tetrahydrofuran.

A further method of forming the N-acylating deriva-
tive of the acid of formula (III) is to treat the acid of
formula (III) with a solution or suspension preformed
by addition of a carbonyl halide, preferably oxaly! chlo-
ride, or a phosphoryl halide such as phosphorus oxy-
chloride, to a halogenated hydrocarbon solvent, prefer-
ably dichloromethane, containing a lower acy! tertiary
amide, preferably N,N-dimethylformamide. The N-
acylating derivative of the acid of formula (I1I) so de-
rived may then be caused to react with a compound of
formula (II). The acylation reaction may conveniently
be carried out at —40° to +30° C., if desired in the
presence of an acid binding agent such as pyridine. A
catalyst such as 4-dimethylaminopyridine may option-
ally also be added. A preferred solvent for the above
acylation reaction is dichloromethane.

The optional reduction step, the optional conversion
of R2to a different R2: CO,R3 to a different CO2R3 and
X to a different X, and the optional formation of a salt,
may be carried out using methods well known in the art
of cephalosporin and penicillin chemistry.

For example, when the group x 1s §, SO, or SO, the
group X may be converted into a different group X by
methods of oxidation or reduction well known in the art
of cephalosporin and penicillin synthesis, as described,
. for example, in European Patent Application Publica-
tion No. 0 114 752. For example, sulphoxides (in which
X is SO) may be prepared from the corresponding sul-
phide (in which X is S) by oxidation with a suitable
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oxidising agent, for example an organic peracid such as

m-chloroperbenzoic acid.

A reduction step is generally effected by process of
catalytic hydrogenation in the presence of a suitable
catalyst or combination thereof.

In the process described hereinabove, and in the pro-

cess described hereinbelow, it may be necessary to re-
move protecting groups. Deprotection may be carried
out by any convenient method known in the art such
that unwanted side reactions are minimised. Separation
of unwanted by-products may be carried out using stan-
dard methods. |
Compounds of formula (II) are novel compounds and

as such form part of the invention. Compounds of for-
mula (II) may be prepared by removal of R? from com-
pounds of formula (I) prepared by the process described
hereinbelow.

In a further process of the invention, compounds of
formula (I) may be prepared by cyclising a compound
of formula (IV):
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(IV)

wherein X, R!, R2, CO;R3 and R4 are as hereinbefore
defined and P’ is a phosphorus residue; and thereafter if
necessary or desired, carrying out one or more of the
following steps:

1) removing any protecting groups;

ii) converting the group CO3R3 into a different group

COsR3:

iii) converting the group R2into a different group R?;

iv) converting the group X into a different group X;

v) reducing an endocyclic double bond within R4

vi) converting the product into a salt. |

The cyclisation reaction is an intramolecular Wittig-
type reaction and is typically carried out by heating the
compound of formula (IV) in an organic solvent system
optionally in the presence of a suitable acid such as
benzoic acid.

The phosphorus residue, P’ 1s typically a trialkylphos-
phoranylidene residue, for example a Ci.¢ trialkylphos-
phoranylidene residue such as tri-n-butylphosphoranyli-
dene, or a triarylphosphoranylidene residue such as
triphenylphosphoranylidene.

A compound of formula (IV) may be prepared from
a compound of formula (V): |

R! H N (V)
RINH—"
0’ R4
N
V 4
o \IMOH
COyR?

wherein X, R], R2, CO;R3 and R# are as hereinbefore
defined, by reaction with a halogenating agent, suitably
a chlorinating agent such as thiony! chloride, which
reaction displaces the formula (V) hydroxyl group by
halogen, suitably chloride, and is typically carried out at
reduced temperature in an inert solvent, for example in
tetrahydrofuran, in the presence of a base, typically a
pyridine derivative such as 2,6-lutidine. Formation of
the phosphorane may be effected by treatment of the
halo-intermediate with an appropriate phosphine deriv-
ative, for example tri-n-butylphosphine or triphenyl-
phosphine, suitably at ambient temperature in an inert
solvent such as dioxan.

A compound of formula (V) may be prepared by
reaction of the corresponding azetidin-2-one compound
of formula (VI):

R! X' (V1)

RZNH>§|——-{

V4 N\«»OH

O
CO»R3

wherein R!, R2 and CO;R3 are as hereinbefore defined
and X' is an X-group precursor (or a leaving group),

with a compound of formula (VII):
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Y—CH>—C(O)R4 (VII)
wherein R4is as hereinbefore defined and Y is a leaving
group (or an X-group precursor).

In a typical preparation of a compound of formula
(V) in which X is sulphur, a Y leaving group in a com-
pound of formula (VII), suitably a halogen group such
as chloro, is displaced by an X mercapto group in a
compound of formula (VI). The reaction may be car-
ried out at ambient temperature in an inert solvent, for
example acetone, in the presence for a basc, for example
potassium carbonate.

Azetidin-2-one compounds of formula (VI) may be
prepared according to known methods in heterocyclic
synthetic chemistry and particularly by known methods
in the art of B-lactam chemistry.

For example, a compound of formula (VI) in which
X’ is a mercapto group may be prepared by ring open-
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ing of a 4-thia-2,6-diazabicyclo[3.2.0]hept-2-ene-7-one

derivative according to the method of Masayuki
Narisada et al., Tetrahedron Lett., 1755, (1978).

Compounds of formula (VII) are known compounds
or may be prepared by standard methodology. For
example, the compounds of formula (VII) in which Y is
chloro or bromo and R4 is 2-oxotetrahydrofuran-5-yl,
2-oxotetrahydrofuran-4-yl or 2-oxotetrahydrofuran-
3-yl may be prepared from the corresponding carbox-
ylic acid (Y =COOH) via formation of the acid chloride
followed by treatment with diazomethane and reaction
of the resulting diazo compound with hydrogen chio-
ride or hydrogen bromide.

It should be noted that in processes of this 1nvcnt10n
A2-cephems may function as intermediates, in the syn-
thetic sequences. Subsequent isomerisation steps by
methods well known in cephalosporin chemistry will
provide the A3-cephems of the invention.

The present invention also provides a pharmaceutical
composition which comprises a compound of formula

(Ia) or a pharmaceutically acceptable salt or in vivo

hydrolysable ester thereof and a pharmaceutically ac-
ceptable carrier. The compositions of the invention
include those in a form adapted for oral, topical or
parenteral use and may be used for the treatment of
bacterial infection in mammals including humans.

The antibiotic compounds according to the invention
may be formulated for administration in any convenient
way for use in human or veterinary medicine, by anal-
ogy with other antibiotics.

The composition may be formulated for administra-
tion by any route, such as oral, topical or parenteral.
The compositions may be in the form of tablets, cap-
sules, powders, granules, lozenges, creams or liquid
preparations, such as oral or sterile parenteral solutions
Or suspensions.

The topical formulations of the present invention
may be presented as, for instance, ointments, creams or
lotions, eye ointments and eye or ear drops, impreg-
nated dressings and aerosols, and may contain appropri-
ate conventional additives such as preservatives, sol-
vents to assist drug penetration and emollients 1n oint-
ments and creams.

The formulations may also contain compatible con-
ventional carriers, such as cream or ointment bases and
ethanol or oleyl alcohol for lotions. Such carriers may
be present as from about 1% up to about 98% of the
formulation. More usually they will form up to about
80% of the formulation.

Tablets and capsules for oral administration may be in
unit dose presentation form, and may contain conven-
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tional exczplents such as binding agents, for cxample
syrup, acacia, gelatin, sorbitol, tragacanth, or polyvi-
nylpyrollidone; fillers, for example lactose, sugar,
maize-starch, calcium phosphate, sorbitol or glycine;
tabletting lubricants, for example magnesium stearate,
talc, polyethylene glycol or silica; disintegrants, for
example potato starch; or acceptable wetting agents
such as sodium lauryl sulphate. The tablets may be
coated according to methods well known in normal
pharmaceutical practice. Oral liquid preparations may
be in the form of, for example, aqueous or oily suspen-
sions, solutions, emulsions, syrups or elixirs, or may be
presented as a dry product for reconstitution with water
or other suitable vehicle before use. Such liquid prepa-
rations may contain conventional additives, such as

suspending agents, for example sorbitol, methy!l cellu-

lose, glucose syrup, gelatin, hydroxyethyl cellulose,
carboxymethyl cellulose, aluminium stearate gel or
hydrogenated edible fats, emulsifying agents, for exam-
ple lecithin, sorbitan monooleate, or acacia; non-aque-
ous vehicles (which may include edible oils), for exam-
ple almond oil, oily esters such as glycerine, propylene
glycol, or ethyl alcohol; preservatives, for example
methyl or propyl p-hydroxybenzoate or sorbic acid,
and, if desired, conventional flavouring or colouring
agents.

Suppositories will contain conventional Suppository
bases, e.g. cocoa-butter or other glyceride.

For parenteral administration, fluid unit dosage forms
are prepared utilizing the compound and a sterile vehi-
cle, water being preferred. The compound, depending
on the vehicle and concentration used, can be either
suspended or dissolved in the vehicle. In preparing
solutions the compound can be dissolved in water for
injection and filter sterilised before filling into a suitable
vial or ampoule and sealing.

Advantageously, agents such as a local anaesthetic,
preservative and buffering agents can be dissolved in
the vehicle. To enhance the stability, the composition
can be frozen after filling into the vial and the water
removed under vacuum. The dry lyophilized powder is
then sealed in the vial and an accompanying vial of
water for injection may be supplied to reconstitute the
liquid prior to use. Parenteral suspensions are prepared
in substantially the same manner except that the com-
pound is suspended in the vehicle instead of being dis-
solved and sterilization cannot be accomplished by
filtration. The compound can be sterilised by exposure
to ethylene oxide before suspending in the sterile vehi-
cle. Advantageously, a surfactant or wetting agent 1is
included in the composition to facilitate uniform distri-
bution of the compound.

The compositions may contain from 0.1% by weight,
preferably from 10-609% by weight, of the active mate-
rial, depending on the method of administration. Where
the compositions comprise dosage units, each unit will
preferably contain from 50-500 mg of the active ingre-
dient. The dosage as employed for adult human treat-
ment will preferably range from 100 to 3000 mg per
day, for instance 1500 mg per day depending on the
route and frequency of administration. Such a dosage
corresponds to 1.5 to 50 mg/kg per day. Suitably the
dosage is from 5 to 20 mg/kg per day.

No toxicological effects are indicated when a com-
pound of formula (Ia) or a pharmaceutically acceptable
salt or in vivo hydrolysable ester thereof i1s administered
in the above-mentioned dosage range.
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The compound of formula (Ia) may be the sole thera-
peutic agent in the compositions of the invention or a
combination with other antibiotics or with a S-lacta-
mase inhibitor may be employed.

Advantageously, the compositions also comprise a
compound of formula (VIII) or a pharmaceutically
acceptable salt or ester thereof:

O _ CH;—A (Vi)
f}i
+ 4E N 2
O 5
CO,H
wherein

A is hydroxyl, substituted hydroxyl, thiol, substituted
thiol, amino, mono- or di-hydrocarbylsubstituted
amino, or mono- or di-acylamino.

A further advantageous composition comprises a
compound of formula (Ia) or a pharmaceutically ac-
ceptable salt or in vivo hydrolysable ester thereof to-
gether with a compound of formula (IX) or a pharma-

ceutically acceptable salt or in vivo hydrolysable ester
thereof:

CH IX
so, T3 (1X)
l—‘CH:gB
N =
QO éOzH
wherein

B represents hydrogen or chloro.

Further suitable B-lactamase inhibitors include 68-
bromopenicillanic acid and pharmaceutically accept-
able salts and in vivo hydrolysable esters thereof and
63-iodopenicillanic acid and pharmaceutically accept-
able salts and in vivo hydrolysable esters thereof de-
scribed in, for example, EP-A-O 410 768 and EP-A-0
154 132 (both Beecham Group).

Such compositions of this invention which include a
B-lactamase inhibitory amount of a S-lactamase inhibi-
tor are formulated in a conventional manner using tech-
niques and procedures per se known in the art.

The present invention provides a compound of for-
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mula (Ia) or a pharmaceutically acceptable salt or in -

vivo hydrolysable ester thereof, for use as a therapeutic
agent.

The present invention further provides a compound
of formula (Ia) or a pharmaceutically acceptable salt or
in vivo hydrolysable ester thereof, for use in the treat-
ment of bacterial infections.

The present invention also includes a method of treat-
ing bacterial infections in humans and animals which
comprises the administration of a therapeutically effec-
tive amount of an antibiotic compound of this invention
of the formula (Ia) or a pharmaceutically acceptable in
vivo hydrolysable ester thereof.

In addition, the present invention includes the use of
a compound of formula (Ia) or a pharmaceutically ac-
ceptable salt or in vivo hydrolysable ester thereof, for
the manufacture of a medicament for the treatment of
bacterial infections.

The antibiotic compounds of the present invention
are active against a wide range of organisms including
both Gram-negative organisms and Gram-positive or-
ganisms.
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The following Examples illustrate the preparation of
the compounds of the present invention and the follow-
ing biological data illustrate the activity of compounds
of the invention in the form of M.1.C. results against a
sample E.coli organism (NCTC 10418) and a sample
S.aureus organism (S.aureus Oxford).

EXAMPLE 1
Method A

(a) t-Butyl
(2RS)-2-hydroxy-2-[(1R,5R)-3-phenoxy-methyl-4-thia-
2,6-diazabicyclof3.2.0]hept-2-en-7-one-6-yljacetate

t-Butyl glyoxylate hydrate (4.44g,33mmol) in 1,2-
dichloroethane (70 ml) was heated under a Dean and
Stark trap containing 4A molecular sieve for 1.5 h, then
allowed to cool. (1R,5R)-3-Phenoxymethyl-4-thia-2,6-
diazabicyclo[3.2.0]hept-2-en-7-one (6.90 g, 29.5 mmol)
(R.D.G. Cooper and F.L. José, JAmer.Chem.Soc.,
1972, 94, 1021), followed by triethylamine (0.42 ml, 2.95
mmol), was added to the t-butyl glyoxylate solution
which was then stirred at R.T. for 2h. It was concen-
trated and flash chromatographed on silica gel, eluting
with 40, 50 and 60% ethyl acetate in hexane to give the
title compound as a gum (8.04 g, 75%), Vmax (CH2Cl2)
1780, 1740, 1670 cm~—!; &y (CDCIl3) 1.47 and 1.51
(9H,2s), 4.85-5.1 (2H,m), 5.16 and 5.38 (1H,2s) 5.63 and
570 (1H,24,J4Hz), 6.0-6.1 (1Hm), 695-74
(5H,m);[mass spectrum: <+ ve ion (3-nitrobenzylalcohol,
sodium acetate) MNa--, 387].

(b) (S)-S-Chloroacetyltetrﬁhydrofuran-Z-one

Oxalyl chloride (5.2 ml, 60 mmol) and DMF (2 drops)
were added to (S)-2-oxotetrahydrofuran-5-carboxylic
acid (6.73 g,5.2 mmol) (A.T. Austin and J. Howard,
J.Chem.Soc., 1961, 3593) in dichloromethane (50 ml)
and the mixture stirred for 0.5 h. The solvent was re-
moved in vacuo, toluene added to the residue and re-
evaporated to provide the acid chloride, vp,qx (CH2Cl3)
1800 cm—1.

The acid chloride in ether (100 ml) was added drop-
wise to an ice bath-cooled solution of diazomethane (80
mmol) in ether (ca.200 ml). The solution was stirred for
0.5 h, then a stream of hydrogen chiloride gas passed
into it for 0.25 h. It was stirred for a further 0.25 h, then
concentrated and flash chromatographed, eluting with
30,35,40% ethyl acetate in hexane to give the title com-
pound as an oil (5.14 g, 61%), Vimax (film) 1790, 1740 and
1155 cm—1; 8y (CDCl3) 2.1-2.7 (4H,m), 4.35 (2H,s),
4.9-5.2 (1H,m); {mass spectrum: -+ve ion (ammonia)
MNH4t, 180].

(c) t-Butyl
(2RS)-2-hydroxy-2-4-[(5S)-2-oxotetrahydrofuran-5-
ylcarbonylmethylthiol]-3-phenoxyacetamidoazetidin-
2-one-1-yl]acetate

Toluene-4-sulphonic acid (0.5 g) in water (1.25 ml)
was added to t-butyl (2RS)-2-hydroxy-2-(7-0x0-3-
phenoxymethyl-4-thia-2,6-diazabicyclo[3.2.0lhept-
2-ene-6-ylacetate (0.55 g) in dichloromethane (2.5 ml)
and acetone (2.5 ml) under argon. The mixture was
stirred for 2 h, diluted with dichloromethane (30 ml),
washed twice with water, dried and evaporated to give
crude t-butyl (2RS)-2-hydroxy-2-(4-mercapto-3-
phenoxyacetamidoazetidin-2-one-1-yl)acetate as a foam
(0.61 g). To this, in acetone (5 ml), was added (S)-5-
chloroacetyltetrahydrofuran-2-one (0.326 g, 2 mmol),
followed by potassium carbonate (0.104 g,0.75 mmol).
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The reaction was stirred for 1 h., diluted with ethyl
acetate, washed twice with water and with brine, dnied,
concentrated and flash chromatographed eluting with
50,60,75,90 and 100% ethyl acetate in hexane to provide
the title compound as a foam (0.43 g, 56%), Vmax
(CH,Cl») 3400, 1780, 1727, 1685 and 1150 cm—!; &g
(CDCl3) 1.52 and 1.54 (9H,2s), 1.6-1.8 (1H,m), 2.3-2.7
(3H,m), 3.46, 3.52 and 3.54, 3.62 (2H,2ABq,J=15.2 Hz,
16.8 Hz), 4.28 (1H,br s, exch.), 4.58 (2H,s), 4.9-5.0
(1H,m), 5.07 and 5.16 (1H,2d,J4.8 Hz) 5.29 and 5.39
(IH,br s; s on DO exch.), 5.45 and 5.54 (1H,2dd,J4.7,
8.5 Hz), 6.8-7.4 (SH,m), 7.40 and 7.59 (1H,24,J.8.5 Hz);
[mass spectrum; +ve ion (3-nitrobenzylalcohol, sodium
acetate) MNa+, 531].

| d) t-Butyl
2-[4-(5S)-2-oxotetrahydrofuran-5-yl-carbonylmethyl-
thio]-3-phenoxyacetamidoazetidin-2-one-1-yl]-2-tri-n-
butylphosphoranylideneacetate

Thionyl chlonde (0.34 ml, 4.6 mmol) in THF (5 ml)
was added dropwise to t-butyl 2(RS)-2-hydroxy-2-{4-
(5S)-2-oxotetrahydrofuran-5-ylcarbonylmethylthio)]-3-
phenoxyacetamidoazetidin-2-one-1-ylJacetate (1.58 g,
3.1 mmol) and 2,6-lutidine (0.54 ml, 4.6 mmol) in THF
(20 ml) at —20° C. The mixture was stirred for 0.5 h
without further cooling, the precipitate was filtered oft
and the filtrate evaporated in vacuo. Toluene was added
and the solution reevaporated to provide t-butyl (2RS)-
2-chloro-2-[4-[(5S)-2-oxotetrahydrofuran-5-yl-car-
bonyimethylthiol-3-phenoxyacetamidoazetidin-2-one-
1-yl]acetate as a foam (1.81 g) which was used immedi-
ately.

Tri-n-butylphosphine (1.7 ml, 6.8 mmol) was added
to the chloro compound in dioxan (10 ml), and the
reaction mixture was stirred for 0.25 h. It was diluted
with ethyl acetate, washed twice with water then with
brine, dried, concentrated and flash chromatographed,
eluting with 60,75,90 and 1009 ethyl aceate 1n hexane,
to give the title compound as a foam (0.84 g,39%), Vmax
(CH>Cly) 3410,1782,1760,1725,1685, 1235 and 1165
cm—1; [mass spectrum: +ve ion (thioglycerol) MH,
693].

(e) t-Buty!
(6R,7R)-3-[(5S)-2-oxotetrahydrofuran-5-yl}]-7-phenox-
yacetamidoceph-3-em-4-carboxylate

t-Butyl  2-[4-[(5§S)-2-0xotetrahydrofuran-5-yl  car-
bonylmethylthio}-3-phenoxyacetamidoazetidin-2-one-
1-yl]-2-tri-n-butylphosphoranylideneacetate (0.84 g)
and benzoic acid (20 mg) in toluene (20 ml) were purged
with argon then heated in an oil bath at 120° C. for 1 h.
The cooled solution was flash chromatographed, elut-
ing with 40,50 and 75% ethyl acetate in hexane, to
provide the title compound (0.43 g, 74%), Vmax
(CH2Cl,) 3400, 1780, 1727, 1710, 1695, 1515, 1165, 1235,
1172 and 1150 cm—1; 6y (CDCl3) 1.54 (9H,s), 1.9-2.1
(1H,m), 2.6-2.85 (3H,m), 3.28 and 3.58 (2H,ABq,J18.7
Hz), 4.58 (2H,s), 5.04 (1H,d,J5.1 Hz), 5.6-5.75 (1H,m),
5.97 (1H,dd,}5.0,9.5 Hz), 6.9-7.1 and 7.3-7.4 (SH,m),
7.23 (1H,d,J9.4 Hz); [mass spectrum: +tve 1on (3-
nitrobenzylalcohol, sodium acetate)MNa+, 497].

Further elution with 75% ethyl acetate in hexane
provided t-butyl (6R,7R)-3-[(5R)-2-oxotetrahydrofu-
ran-5-yl]-7-phenoxyacetamidoceph-3-em-4-carboxylate
(0.11 g, 19%), vmax (CHCl,) 3400, 1785, 1720, 1690,
1230, 1145 cm—1; &5 (250 MHz, CDCl3) 1.55 (SH, s,
2.4-2.8 (4H, m), 3.43 and 3.49 (2H, ABq, J 18.2 Hz), 4.58
(2H, s), 5.02 (1H, d, J 4.9 Hz), 5.8-6.0 2H m), 6.9-7.4
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(6H, m). [Mass spectrum: +ve ion (3-nitrobenzylal-
cohol, sodium acetate) MNa+, 497].

EXAMPLE 1
Method B

(a) t-Butyl
2-[(3R,4R)-4-(5S)-2-0xotetrahydrofuran-5-ylcarbonyl-
methylthio}-3-phenoxyacetamidoazetidin-2-on-1-yl}-2-

triphenylphosphoranylideneacetate.

t-Butyl (2RS)-2-chloro-2-{(3R,4R)-4-[(5S)-2-0x0t¢t-
rahydrofuran-5-ylcarbonylmethylthio]-3-phenox-
yacetamidoazetidin-2-on-1-yl]acetate, prepared from
the hydroxy compound (3.330 g, 6.55 mmol) as de-
scribed in example 1(d), triphenylphosphine (3.435 g, 13
mmol) and 2,6-lutidine (1.14 ml, 9.8 mmol) in dioxan (10
ml) were stirred for 4 h. diluted with ethyl acetate,
washed with water, 5% citric acid solution, water and
brine, dried;, concentrated and flash chromatography

eluting with 50,60,75, 90 and 100% ethy] acetate in

“hexane to provide the title compound (2.869 g, 58%),

vmax(CH2Cl3) 3380, 1785, 1760, 1725, 1683, 1485, 1367,
1218, 1155 cm—1; [mass spectrum: + ve ion (3-nitroben-
zyl alcohol-sodium acetate) MNa—+(775)].

(b) t-Butyl
(6R,7R)-3-[(55)-2-0xotetrahydrofuran-5-yl]-7-phenox-
yacetamidoceph-3-em-4-carboxylate.

t-Butyl  2-[(3R,4R)-4-[(5S)-2-0xotetrahydrofuran-5-
ylcarbonylimethylthio]-3-phenoxyacetamidoazetidin-
2-on-1-yl]-2-triphenylphosphoranylidene acetate (2.869
g) and benzoic acid (20 mg) in toluene (60 ml) were
purged with argon then heated in an oil bath at 120° C.
for 32 h. The cooled solution was flash chromographed
on silica gel eluting with 35,40 and 50% ethyl acetate in
hexane to provide the title compounds (58 1somer; 0.373
g, 21%) and (5R isomer; 0.134 g, 7%) both 1dentical
with those described in example 1(e) (Method A).

EXAMPLE 2

(a) t-Butyl
(6R,7R)-7-amino-3-[(5S)-2-0x0-tetrahydrofuran-5-
yljceph-3-em-4-carboxylate

Phosphorus pentachloride (0.35 g,1.7 mmol) in di-
chloromethane (9 ml) was added to t-butyl (6R,7R)-3-
[(5S)-2-0xotetrahydrofuran-5-yl]-7-phenoxyacetamido-
ceph-3-em-4-carboxylate (0.526 g, 1.1 mmol) and N-
methylmorpholine (0.24 ml, 2.2 mmol) in dichlorometh-
ane (15 ml) at < —20° C. The reaction was stirred at
—15+5° C. for 0.75 h then methanol (3 ml) was added.
Stirring was continued for 0.75 h without further cool-
ing and then water (10 ml) was added and the mixture
was stirred vigorously for 1 h. The dichloromethane
was removed in vacuo, ethyl acetate (ca 10 ml) added,
the mixture adjusted to pHS5.5 with dilute ammonium
hydroxide solution and extracted twice with ethyl ace-
tate. The extracts were washed with brine, dried, con-
centrated and flash chromatographed, eluting with
40,50,75% ethyl acetate in hexane, to give the title com-
pound as a foam (0.15 g,40%); (Found: M+, 340.1097.
CisHyoN20sS requires M, 340.1093); vmax (CH2CL)
1770,1710,1362,1350,1235 and 1170 cm—1; &y (CDCl3)
1.54 (9H,s), 1.9-2.1 (1H,m), 2.5-2.8 (3H,m), 3.27 and
3.56 (2H,ABq,J18.5 Hz), 4.80 (1H,d,J5Hz), 4.96
(1H,d,J5 Hz2), 5.6-5.7 (1H,m).
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(b) t-Butyl
(6R,7R)-7-[2-(Z)-methoxyimino-2-(2-tritylamino-
thiazol-4-yl)acetamido]-3-[(5S)-2-oxotetrahydrofuran-
5-yllceph-3-em-4-carboxylate

Methanesulphonyl chloride (23 ul, 0.3 mmol) was
added to sodium 2-(Z)-methoxyimino-2-(2-tritylamino-
thiazol-4-yl)acetate (0.12 g,0.25 mmol) in DMF (0.5 ml)
~ at —40° C. The mixture was allowed to warm to —10°
C. over 0.5 h then cooled to —30° C. and t-butyl
(6R,7R)-7-amino-3-[(5S)-2-oxotetrahydrofuran-5-
yllceph-3-em-4-carboxylate (68 mg, 0.2 mmol) in DMF

(1 ml) and pyridine (24 ul, 0.3 mmol) was added. The
reaction was stirred for 1 h without cooling, then di-
luted with ethyl acetate, washed twice with water and
brine, dried, concentrated and flash chromatographed,
eluting with 40,50% ethyl acetate in hexane, to give the
title compound (92 mg,60%), 6y (CDCIl3) 1.53 (SH,m),
1.9-2.1 (1H,m), 2.5-2.8 3Hm), 3.27 and 3.57
(2H,ABq,J18.7 Hz), 4.07 (3H,s), 5.06 (1H,d,J5Hz),
5.6-5.8 (1H,m), 5.98 (1H,dd,J5,9 Hz2), 6.72 (1H,d,J5 Hz),
6.74 (1H,s), 7.02 (1H,s), 7.2-7.4 (15H,m); [mass spec-
trum: -+ ve ion (thioglycero)MH +, 766].

EXAMPLE 3

Sodium
(6R,7R)-7-[2-(2-Aminothiazol-4-yl)-2-(Z)-methox-
yiminoacetamido]-3-[(5RS)-2-oxotetrahydrofuran-5-
yl]ceph-3-em-4-carboxylate

t-Butyl (6R,7R)-7-[2-(Z)-methoxyimino-2-(2-amino-
thiazol-4-yl)acetamido]-3-[(5S)-2-oxotetrahydrofuran-
5-yl]ceph-3-em-4-carboxylate (90 mg) was dissolved 1n
90% formic acid, stirred 0.5 h then hydrochloric acid
(50 ul) was added. The mixture was stirred for an addi-
tional 1 h. The precipitate was filtered off, washed with
90% formic acid, and the filtrate evaporated to dryness.
Water was added to the residue, the mixture adjusted to
pHS with 0.1M sodium hydroxide, washed with ether
and freeze dried.

The crude sodium salt (0.125 g) was HP20SS, eluting
with 0,1,2,3% THF in water. Fractions containing, the
title compound were combined, concentrated and then
freeze dried to give the sodium salt (31 mg,53%); Vimax
(KBr) 1758,1664,1608, 1533,1390,1183 and 1037 cm—};
oy (D70) 2.0-2.8 (4H,m), 3.37 and 3.63, 3.39 and 3.53
(2H,2ABq,J17.5,17.9 Hz), 3.94 (3H,s), 5.20, 5.22
(1H,24,}J5 Hz), 5.5-5.6 (1H,m), 5.78 (1H,d,J5Hz), 6.98
(1H,s); [mass spectrum: +tve ion (thioglycerol) MH T,
490].

EXAMPLE 4

t-Butyl
- {(6R,7R)-3-[(5S)-2-0xotetrahydrofuran-5-yl}-7-[2-(2-
| tritylaminothiazol-5-y1)-2-(Z)-tritylox-
yiminoacetamido]ceph-3-em-4-carboxylate

The title compound was prepared from sodium 2-(2-
“tritylaminothiazol-4-yl)-2-(Z)-trityloxyiminoacetate
(0.28 g, 0.4 mmol) using the method described in Exam-
ple 2b, (0.22 g, 56%); 6 (CDCl3) 1.56 (9H,s), 1.7-2.0
(1H,m), 2.5-2.8 (3H,m), 3.09 and 3.50 (2H,ABq,J18.7
Hz), 5.06 (1H,d.J5 Hz), 5.6-5.7 (1H,m), 6.13 (1H,dd,J5,
8.6 Hz), 6.42 (1H,s) 6.77 (1H,s), 7.16 (1H,d,J8.6 Hz),
7.2-7.5 (30H,m); [mass spectrum: +ve ion (thioglycerol)
MH+, 994]. -
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EXAMPLE 5

(6R,7R)-7-[2-(2-Aminothiazol-4-y])-2-(Z)-hydrox-
yiminoacetamido]-3-[(5RS)-2-oxotetrahydrofuran-5-
yl)ceph-3-em-4-carboxylic acid

t-Butyl (6R,7R)-3-[(5S)-2-0xotetrahydrofuran-5-ylj-

7-[2-(2-tritylaminothiazol-4-yl)-2-(Z)-tritylox-
yiminoacetamido]ceph-3-em-4-carboxylate (0.22 g) was

- dissolved in 0.1M hydrochloric acid in 90% formic acid

(2.5 m)) and stirred for 1 h. Concentrated hydrochloric
acid (0.1 ml) was added and stirring was continued for
a further 0.5 h. The precipitate was filtered off, washed
with 90% formic acid, and the filtrate was evaporated
to dryness. The residue in water was adjusted to pH3
with solid potassium carbonate, washed with ether and
freeze dried. The crude product (0.153 g) was chro-
matographed on HP20SS, eluting with 0,2,4,6% THF
in water. Fractions containing the title compound were
combined, concentrated and freeze dried (41 mg, 40%),
Vmax (KBr) 1764, 1664, 1609, 1529, 1389 and 1184 cm—1;
oy (D70) 2.1-2.8 (4H,m , 3.37 and 3.63, 3.39 and 3.53
(2H,2ABq,J17.5,17.8 Hz), 5.21, 5.23 (1H,2d, J4.6 Hz),
5.5-5.65 (1H,m), 5.82 (1H,d,J4.6 Hz), 6.95 (1H,s); [mass
spectrum: +ve ion (thioglyerol) MH +, 454].

EXAMPLE 6

(a) (RS)-2-Oxotetrahydrofuran-4-ylcarboxylic acid

Sodium aconate (4.25g) (N. R. Campbell and J. H.
Hunt, J. Chem. Soc., 1947, 1176) in water (100 ml) was
hydrogenated in the presence of 10% palladium on
carbon (0.2 g). After removal of the catalyst the aque-
ous solution was passed through a column of ‘Amber-
lite’ IR120(H + ) 10on exchanged resin then concentrated
in vacuo. The residue in dichloromethane was dried
(MgSQ4) and evaporated to provide the title compound
(2.76 g, 75%), vmax (CH2Cl2) 1785, 1755, 1720, 1170
cm—l; 8y (90 MHz, (CD1):CO) 2.74 (2H, d, J8 Hz),
3.35-3.75 (1H, m), 4.3-4.65 2H, m), 7.51 (1H, bs).

(b) (RS)-4-Chloroacetyltetrahydrofuran-2-one

Oxalyl chloride (2.6 ml, 30 mmol) and DMF (1 drop)
were added to (RS)-2-oxotetrahydrofuran-4-ylcarboxy-
lic acid (2.76 g, 21 mmol) in dichloromethane (25 ml)
and the mixture stirred 0.5 h, then evaporated in vacuo.
Toluene was added to the residue then reevaporated to
leave the acid chloride, vmax (CH2Cl3) 1790 cm— L.

The acid chloride in ether (50 ml) was added drop-
wise to an ice bath cooled solution of diazomethane (45
mmol) in ether (120 ml). The solution was stirred 0.5 h
then a stream of hydrogen chloride gas passed into it for
5 minutes. The mixture was stirred 0.25 h then washed
twice with brine, dried and evaporated to an oil (1.635
g). The brine washings were extracted with ethyl ace-
tate (X2), dried and evaporated to give more crude
product (2.015 g). The combined crude product was
flash chromatographed on silica gel eluting with 30,
40% ethyl acetate in hexane (2.737 g, 79%), 6H (90
MHz, CDCl3) 2.74 (2H d, J8 Hz), 3.6-4.1 (1H, m),
4.1-4.65 (4H, m).

(c) t-Butyl
(2RS)-2-hydroxy-2-{(3R,4R)-4-[(4R S)-2-0xotetrahy-
drofuran-4-ylcarbonylmethylthio]-3-phenox-
yacetamidoazetidin-2-on-1-yllacetate

(RS)-4-Chloroacetyltetrahydrofuran-2-one (2.060 g,

'12.6 mmol), followed by potassium carbonate (0.690 g,
5 mmol) were added to crude t-butyl (2RS)-2-hydroxy-
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[(3R,4R)-4-mercapto-3-phenoxyacetamidoazetidin-
2-on-1-yllacetate (3.866 g) (prepared as described in
Example 1c¢) in acetone (10 ml). The reaction was
stirred 1 h. then diluted with ethyl acetate, washed with
water (x2) and brine, dried, concentrated and flash
chromatographed on silica gel eluting with
50,60,75,90% ethyl acetate in hexane to provide the title
compound as a foam (3.458 g, 68%), vmax (CHCl2)
3380, 1780, 1680, 1235, 1150 cm—!; [Mass spectrum:
<+ ve ion (thioglycerol) MH+ (509)].

| (d) t-Butyl
2-[(3R,4R)-4-{(4RS)-2-oxotetrahydrofuran-4-ylcar-
bonylmethylthio}-3-phenoxyacetamidoazetidin-2-on-1-
yl}-2-triphenylphosphoranylideneacetate

Thionyl chloride (0.75 ml, 10.2 mmol) in THF (5 ml)
was added dropwise to the hydroxy compound (3.458 g,
6.8 mmol) and 2,6-lutidine (1.2 ml}, 10.2 mmol) in THF
(15 ml) at < —15° C. The reaction mixture was stirred
0.5 h, filtered and the filtrate evaporated in vacuo. Tolu-
ene was added then reevaporated to give crude t-butyl
(2RS)-2-chloro-2-{(3R,4R)-4-[(4R S)-2-oxotetrahydrofu-
ran-4-ylcarbonylmethyltho]-3-phenoxyacetamidoazeti-
din-2-on-1-yljacetate as a foam (3.946 g), which was in
the next step at once.

Triphenylphosphine (3.560 g, 13.6 mmol) and 2,6-1uti-
dine (1.2 ml, 10.2 mmol) were added to the crude chloro
compound in dioxan (20 ml). The mixture was stirred 3
h, diluted with ethyl acetate, washed successively with
water, 5% citric acid, water and brine, dried, concen-
trated and flash chromatographed on silica gel eluting
with 50,60,75,90,100% ethyl acetate in hexane to pro-
vide the title compound (3.121 g, 61%); [Mass spec-
trum; -+ ve ion (3-nitrobenzyl alcohol, sodium acetate)
MNa+ (775)].

(e) t-Butyl
(6R,7R)-3-(4RS)-2-oxotetrahydrofuran-4-yl[-7-phenox-
yacetamidoceph-3-em-4-carboxylate

The phosphorane from Example 6d (3.121 g) and
benzoic acid (20 mg) in xylene (60 mi) were purged
with argon then heated at 120° C. for 24 h. The cooled
solution was flash chromatographed on silica gel eluting
with 35% ethyl acetate in hexane to give the title com-
pound as a foam (0.433 g, 22%), vmax (CH2Cl3) 3395,
1780, 1715, 1695, 1230, 1165 cm—1!; 6y (250 MHz,
CDCl3) 1.55 (9H, s), 2.35-3.0 (2H, m), 3.21 and 3.46,
3.26 and 3.50 (2H, 2ABq, J 17.8 Hz), 4.0-4.7 (3H, m),
4.56 (2H, s), 5.01, 5.03 (1H, 2d, J 4.9 Hz), 5.91, 5.94 (1H,
2dd, J 4.9, 9.2 Hz), 6.9-7.4 (6H, m); [Mass spectrum:
+ve ion (3-nitrobenzyl! alcohol-sodium acetate) MNa+
(497)]. |

EXAMPLE 7

(a) t-Butyl
(6R,7R)-7-amino-3-[(4RS)-2-oxotetrahydrofuran-4-
yl]ceph-3-em-4-carboxylate

A solution of phosphorous pentachloride (0.380 g, 1.8
mmol) in dichloromethane (9.5 ml) was added to t-butyl
(6R,7R)-3-[(4RS)-2-0xotetrahydrofuran-4-yl]-7-
phenoxyacetamidoceph-3-em-4-carboxylate (0.554 g,
1.2 mmol) and N-methylmorpholine (265 uh, 2.4 mmol)
in dichloromethane (15 ml) at < —20° C. under argon.
Stirred 0.5 h at —15°+5° C. then methanol (3.5 ml)
added, stirred 0.75 h then water (10 ml) added and
stirred vigorously 1 h. The dichloromethane was re-
moved 1n vacuo. ethyl acetate added and the agqueous
layer adjusted to pH7 with dilute ammonium hydroxide
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and extracted twice with ethyl acetate. The extracts
were washed with brine, dried, concentrated and flash
chromatographed on silica gel eluting with
40,50,60,70,75% ethyl acetate in hexane to provide the
title compound as a foam (0.120 g, 29%): (Found: M+,
340.1113. CisHyoN20sS requires M, 340.1093); vmax
(CH,Cly) 1775, 1715, 1367, 1155 cm—1; 65 (250 MHz,
CDCl3) 1.54 (9H, s, 1.97 (2H, bs), 2.35-2.95 (2H, m),
3.26 and 3.49 3.28 and 3.49 (2H, 2ABq, J 17.7 Hz),
4.0-4.45 (3H, m), 4.77,4.79 (1H, 2d, J 4.7 Hz), 4.93, 4.95
(1H, 24, J 4.7 Hz).

| (b) t-Butyl
(6R,7R)-7-[2-(Z)-methoxyimino-2-(2-trityl-amino-
thiazol-4-yl)acetamido]-3-[(4RS)-2-oxotetrahydrofuran-
4-yljceph-3-em-4-carboxylate

Mesyl chloride (39 ul, 0.5 mmol) was added to 2-(Z)-
methoxyimino-2-(2-tritylaminothiazol-4-yl)acetic acid
hydrochloride (0.215 g, 0.45 mmol) and N,N-diso-
propylethylamine (157 ul, 0.9 mmol) in DMF at —40°
C. Stirred 0.5 h at —35°%5° C. then t-butyl (6R,7R)-7-
amino-3-[(4RS)-2-oxotetrahydrofuran-4-yllceph-3-em-
4-carboxylate (0.120 g, 0.35 mmol) in DMF (2 ml) fol-
lowed by pyridine (41 ul, 0.5 mmol) were added. Stirred
1 h. without further cooling then diluted with ethyl
acetate, washed twice with water and with brine, dried,
concentrated then flash chromatographed on silica gel
eluting with 30, 35, 40, 50% ethyl acetate in hexane to
give the title compound as a foam (0.167 g, 62%), Vmax
(CHCl,) 3390, 1775, 1715, 1670, 1515, 1150 cm—!; &y
(250 MHz, CDCl3) 1.53, 1.60 (9H, 2s), 2.35-2.65 (2H,
m), 3.24 and 3.51, 3.26 and 3.51 (2H, 2ABq, J 18.0 Hz),
4.0-4.5 (3H, m), 4.07 (3H, s), 5.03, 5.05 (1H, 2d, J
4.9Hz), 5.92, 5.95 (1H, 2dd, J 4.9, 8.8 Hz), 6.73 (1H, s),
6.76 (1H, d, J 8.9 Hz), 7.00 (1H, s), 7.30 (15H, s). [Mass
spectrum: + ve ion (3-nitrobenzyl alcohol-sodium ace-
tate) MNa~+ (788)].

EXAMPLE 8

Sodium
(6R,7R)-7-2-aminothiazol-4-yl)-2-(Z)-methox-
yiminoacetamido]-3-[(4R S)-2-oxotetrahydrofuran-4-
yl]ceph-3-em-4-carboxylate

t-Butyl (6R,7R)-7-[2-(Z)-methoxyimino-2-(2-
tritylaminothiazol-4-yl)acetamido]-3-[(4R S)-2-oxotet-
rahydrofuran-4-yl]jceph-3-em-4-carboxylate (0.167 g,
0.22 mmol) was dissolved in 0.1M HCl in 909% formic
acid (2.2 ml), set aside for 0.75 h, conc. hydrochloric
acid (50 ul) added and left for a further 1 h. The mixture
was evaporated in vacuo, diluted with water, adjusted
to pH6 with 0.1M sodium hydroxide then chromato-
graphed on HP20SS eluting with 0,1,2% THF in water.
Fractions containing the title compound (HPL.C) were
concentrated in vacuo and freeze dried (72.5 mg, 68%),
vmax (KBr) 1757, 1664, 1604, 1529, 1388, 1182, 1036
cm—!: 8y (250 MHz, D;0) 2.6-2.9 (2H, m), 3.35 and
3.63 (2H, ABg, J 17.5 Hz), 3.8-4.05 (1H, m), 3.96 (3H,
s), 4.15-4.6 (2H, m), 5.18, 5.19 (1H, 2d, J 4.5Hz , 5.75,
5.76 (1H, 24, J 4.5 Hz), 6.99 (1H, s). [Mass spectrum:
+ve ion (thioglycerol) MH+ (490), MNa+ (512)].
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EXAMPLE 9

t-Butyl
(6R,7R)-7-2-(Z)-t-butoxycarbonylmethoxyimino-2-(2-
tritylaminothiazol-4-yl)acetamido]-3-[(5S)-2-oxotet-
rahydrofuran-5-yllceph-3-em-4-carboxylate.

Mesyl chloride (43 ul, 0.55 mmol) was added to 2(Z)-
t-butoxycarbonylmethoxyimino-2-(2-tritylamino-
thiazol-4-ylacetic acid (DE 2,812,625) (0.272 g, 0.5
mmol) and N,N-diisopropylethylamine (87 pul,
0.5mmol) in DMF (1 ml) at < —45° C. After 0.5 h at
~30°+20° C., t-butyl (6R,7R)-7-amino-3-[(5S)-2-
oxotetrahydrofuran-5-yl]jceph-3-em-4-carboxylate
(0.170 g, 0.5 mmol) in DMF (2 ml) followed by pyridine
(451, 0.55 ml), were added. Stirred 1 h without further
cooling then diluted with ethyl acetate, washed twice
with water and with brine, dried, concentrated and
flash chromatographed on silica gel eluting with
25,30,35,40,50% ethyl acetate in hexane to give the title
compound as a foam (0.290 g, 33%), vmax(CH2Cl)
3390, 1780, 1725, 1685, 1522, 1365, 1240, 1043 cm—1;
(90 MHz, CDCl3) 1.40 (9H, s), 1.51 (9H, s), 1.6-2.7
(4H, m), 3.22 and 3.50 (2H, ABq, J 19 Hz), 4 72 (2H, s),
5.02 (1H, 4, J 5§ Hz), 5.5-5.75 (1H, m), 5.92 (1H, d4d, J 5,
9 Hz), 6.78 (1H, s), 6.96 (1H, s), 7.27 (15H, s), 8.47 (1H,
d, J 9Hz); [mass spectrum: 4+ ve ion (3-nitrobenzyl al-
cohol-sodium acetate)MNa+, 888].

EXAMPLE 10

Disodium
(6R,7R)-7-2-(2-aminothiazol-4-yl)-2-(Z)-carboxyme-
thoxyiminoacetamido]-3-[(SRS)-2-oxotetrahydrofuran-
5-yl]ceph-3-em-4-carboxylate.

t-Butyl  (6R,7R)-7-[2-(Z)-t-butoxycarbonylmethox-
yimino-2-(2-tritylaminothiazol-4-yl)acetamido]-3-[(5S)-
2-0x0-tetrahydrofuran-5-yllceph-3-em-4-carboxylate
(0.290 g, 0.33 mmol) was dissolved in 0.1M HCl in 90%
formic acid (3.3 ml). After 0.5 h conc. HCI (75 ul) was
added and the mixture set aside for 1.5 h then evapo-
rated to dryness. Water was added to the residue, ad-
justed to pH6 with 0.5M sodium hydroxide then chro-
matographed on HP20SS eluting with water. Fractions
containing the title compound (HPLC) were combined,

concentrated and freeze dried (105 mg, 56%), Vmax

(KBr) 3411, 1757, 1660, 1603, 1532, 1399, 1320, 1184,
1039 cm—1; 8x(250 MHz, (CD3);S0) 1.9-2.7 (4H, m),
3.12 and 3.45, 3.28 and 3.34 (together 2H, 2ABq, J 17,
17.5 Hz), 4.23, 4.27 (together 2H, 2s), 5.01 (1H, d, J
5Hz), 5.6-6.0 (2H, m), 6.83, 6.84 (together 1H, 2s), 6.41
(2H, s); [mass Spectrum: 4 ve ion (thioglycerol) MH +
(556), MNa+ (578)].

EXAMPLE 11

Pivaloyloxymethyl
(6R,7R)-7-[2-(2-aminothiazol-4-y])-2-(Z)-methox-
yiminoacetamido}-3-[(SRS)-2-oxotetrahydrofuran-3-
yl]lceph-3-em-4-carboxylate.

Pivaloyloxymethyl bromide (0.10 g, ca. 0.5 mmol)
and sodium iodide (0.1 g) in acetone (1 ml) were stirred
for 0.25 h, filtered and evaporated in vacuo. The iodide
in toluene (0.5 ml) was added to sodium (6R,7R)-7-[2(2-
aminothiazol-4-yl)-2-(Z)-methoxyiminoacetamido}-3-
[(5SRS)-2-0oxotetrahydrofuran-5-yl}ceph-3-em-4-car-
boxylate (0.124 g, 0.25 mmol) in N-methylpyrrolidone
(2 ml) and stirred for 0.5 h. The reaction mixture was
diluted with ethyl acetate, washed twice with water,
and with brine, dried, concentrated and flash chromato-
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graphed on silica gel eluting with 80,90,100% ethyl
acetate in hexane to give the title compound (86 mg,
59%), vmax(CH2Cl2) 1780, 1753, 1735, 1682, 1532, 1374,
1121, 1046 cm—1; 6(250 MHz, CDCIl3) (9H, s), 1.9-2.2
(1H, m), 2.4-2.8 (3H, m), 3.34 and 3.64, 3.48 and 3.59
(together 2H, 2ABq, J 18.9, 18.4 Hz), 4.08 (3H, s), 5.10,

5.11 (together 1H, 2d, J 4.9 Hz), 5.35 (2H, bs), 5.5-5.95

(3H, m), 6.00, 6.10 (together 1H, 2dd, J 9, 4.9 Hz), 6.85,
6.87 (together 1H, 2s), 7.52, 7.54 (together 1H, 2d, J 9
Hz); [mass spectrum: -+ ve ion (3-nitrobenzy! alcohol-

sodium acetate) MH 4 (582) MNa+ (604)].

EXAMPLE 12
(a) (RS)-3-Bromoacetyltetrahydrofuran-2-one

Oxalyl chloride (6.4 ml, 74 mmol) and DMF (1 drop)
were added to (RS)-2-oxotetrahydrofuran-3-ylcarboxy-
lic acid (T.N. Rozanova and I.T. Strukov, Khim.-Farm.
Zh., 2, 20, 1968) (6.10 g, 49 mmol) in dichloromethane
(50 ml) and the mixture stirred lh, then evaporated in
vacuo, redissolved in dichloromethane and reevaported
to give the acid chloride, vmax{CH2Cl3) 1779 cm—1L.

The acid chloride in ether (50 ml) was added drop-
wise to an ice bath cooled solution of diazomethane
(100 mmol) in ether (200 ml), stirred for 0.25 h, then
evaporated to give the diazoketone as a dark oil,
Vmax(CH2Cl2) 2114, 1770, 1742, 1644, 1363 cm— 1.

The diazoketone in dichloromethane (50 ml) was
cooled in an ice bath, 48% hydrobromic acid (9.2 m}, 54
mmol) added, stirred 0.25 h, washed with water, dried
concentrated and flash chromatographed on silica gel
eluting with 10,12.5 and 15% ethyl acetate in hexane to
provide the - title compound (3.988 g, 39%),
vmax{(CH2Cl2) 1770, 1740, 1724, 1659, 1376, 1270, 1169
cm—1; 6§y(90 MHz, CDCl3) 2.1-3.1 (2H, m), 3.7-4.6

(5H, m); [mass spectrum: + ve ion (ammonia) MNH4+
(224)].

(b) t-Butyl
(2RS)-2-hydroxy-2-[(3R,4R)-4-[(3RS)-2-0xotetrahy-
drofuran-3-ylcarbonylmethylthio]-3-phenox-
yacetamidoazetidin-2-on-1-yljacetate.

The title compound was prepared by the method
described in Example lc but using 3-bromoacetyltet-
rahydrofuran-2-one, (64%), vmax(CH2Cly) 3488, 3406,
1782, 1733, 1695, 1520, 1496, 1372 cm—1; 64(250 MHz,
CDCl3) 1.52 (9H, m), 2.2-2.5 (1H, m), 2.7-2.9 (1H, m),
3.5-4.5 (5H, m), 4.59 (2H, s), 4.95-5.6 (4H, m) 6.9-7.6
(6H, m); [mass spectrum: 4 ve ion (thioglycerol) M-H
(507)].

(c) t-Butyl
(2RS)-2-[(3R,4R)-4-[(3RS)-2-0xotetrahydrofuran-3-
ylcarbonylmethylthio]-3-phenoxyacetamidoazetidin-

2-on-1-yl}-2-tri-n-butylphosphoranylideneacetate

Prepared using the method described in Example 1(d)
except that the product in ethyl acetate was first washed
with dilute sodium hydrogen carbonate solution. The
title compound was obtammed as a foam (72%),
vmax(CH2Cl5) 3416, 1766, 1731, 1714, 1690, 1628, 1601,
1522, 1495, 1172 cm~—1; [mass spectrum: +ve ion (3-
nitrobenzyl alcohol-sodium acetate) MNa+ (715)].
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(d) t-Butyl (6R,7R)-3-(3R or
3S)-2-oxotetrahydrofuran-3-yl}-7-phenox-
yacetamidoceph-3-em-4-carboxylate

Method A

t-Butyl (2RS)-2-[(3R,4R)-4-[(3RS)-2-0x0tetrahy-
drofuran-3-ylcarbonylmethylthio]-3-phenox-
yacetamidoazetidin-2-on-1-yl]-2-tri-n-butylphos-
phoranylideneacetate (7.457 g) and benzoic acid (50
mg) in toluene (150ml) were purged with argon then
heated in an oil bath at 120° C. for 24 h. The solution
was concentrated and flash chromatographed on silica
gel eluting with 25,30,35 and 40% ethyl acetate in hex-
ane to provide the title compoud (0.390 g, 8%),
vmax{CH2Cl) 3406, 1788, 1773, 1712, 1698, 1519, 1370,
1152 cm—1; 64(250 MHz, CDClj3) 1.54 (9H, s),
2.15-2.35 (1H, m), 2.65-2.8 (1H, m), 3.06 and 3.82 (2H,
ABq, J 18.3 Hz), 4.35-4.55 (3H, m), 4.57 (2H, s), 5.09

10

15

(1H, d, J 5Hz), 5.95 (1H, dd, J 5,9 Hz), 6.9-7.4 (6H, m);

[mass spectrum: + ve ion (3-nitrobenzyl alcohol-sodium
acetate) MNa+ (497)]. Also obtained in later fractions
were inter aha: t-butyl (6R,7R)-3-[(3RS)-2-0xo0tetrahy-
drofuran-3-yl}-7-phenoxyacetamidoceph-2-em-4-car-
boxylate (0.663 g, 13%); vmax(CH2Cly) 3405, 1779,
1738, 1696 cm—1; 65 (250 MHz, CDCl3) inter aha 4.83,
5.17 (together 1H, 2bs), 6.19, 6.38 (together 1H, 2bs);
[mass spectrum: +ve ion (thioglycerol) MH+ (475)];
and t-butyl (6R,7R)-3-[(3S or 3R)-2-oxotetrahydrofu-
ran-3-yl}-7-phenoxyacetamidoceph-3-em-4-carboxylate
(0.138 g), 3%); vmax(CH2Clo) 3404, 1786, 1773, 1716,
1697 cm—1; § (250 MHz, CDCl;) inter alia 2.4-2.6 (2H,
m), 3.26 and 3.59 (2H, ABq, J 18.1 Hz), 3.83 (1H, dd, J
9.4, 11.9 Hz), 4.2-4.6 (2H, m), 4.57 (2H, s), 5.06 (1H, d,
J 49 Hz), 592 (1H, dd, J 4.9, 9.4Hz); [mass spectrum:
+ve ion (3-nitrobenzyl alcohol-sodium acetate) MNa-+
(497)].

Method B

Phosphorus trichloride (85 ul, 1.06 mmol) was added
to t-butyl (6R,7R)-3-[(3R or 3S)-2-oxotetrahydrofuran-
3-yl]-7-phenoxyacetamidoceph-3-em-4-carboxylate-1-
oxide (0.260 g, 0.53 mmol) in DMF (2ml) at —25° C.
The mixture was stirred for 10 minutes, ice and ethyl
acetate added, washed twice with water then brine,
dried concentrated and flash chromatographed eluting
with 35% ethyl acetate in hexane to give the title com-
pound (0.115 g, 46%), identical with the material de-
scribed in Method A.

EXAMPLE 13

t-Butyl (6R,7R)-3-{(3R or
3S)-2-oxotetrahydrofuran-3-yl}-7-phenox-
yacetamidoceph-3-em-4-carboxylate-1-oxide

t-Butyl (6R,7R)-3-[(3RS)-2-0oxotetrahydrofuran-3-yl}-
7-phenoxyacetamidoceph-2-em-4-carboxylate (0.663 g,
1.4 mmol) and 55% 3-chloroperoxybenzoic acid (0.430
g, 1.4 mmol) in dichloromethane (10 ml) were stirred
for for 10 minutes, washed with dilute sodium metabi-
sulphate solution and dilute sodium hydrogen carbon-
ate, dried concentrated and flash chromatographed on
silica gel eluting with 40,50,60% ethyl acetate in hexane
to give the title compound (0.269 g, 39%),
vmax(CH,Cly) 3383, 1801, 1771, 1752, 1716, 1698, 1519,
1495, 1370, 1152 cm—1; 8 (250 MHz, CDCls5) 1.59 (9H,
s), 2.1-2.3 (1H, m), 2.65-2.85 (1H, m), 3.77 (2H, bs),
4.25-4.6 (4H, m), 4.59 (2H, s), 6.18 (1H, dd, J 10.4, 4.8
Hz2), 6.9-7.4 (5SH, m), 7.86 (1H, d, J 10.4 Hz). Further
elution with ethyl acetate gave t-butyl (6R,7R)-3-[(3S
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or 3R)-2-oxotetrahydrofuran-3-yl]-7-phenox-
yacetamidoceph-3-em-4-carboxylate-1-oxide (0.150 g,
22%), vmax{(CH2Cl,) 3380, 1800, 1774, 1719, 1698, 1519,
1495, 1370, 1154 cm—1; 6 (250 MHz, CDCl3) 1.54 (SH,
s), 2.45-2.65 (2H, m), 3.33 and 3.65 (2H, ABq, J 18.5
Hz), 4.2-4.65 (5H, m), 6.17 (1H, dd, J 4.8, 10.4 Hz),
6.9-7.4 (5H, m), 7.89 (1H, d, J 10.4 Hz).

EXAMPLE 14

(a) t-Buty!l (6R,7R)-7-amino-3-[(3R or
3S)-2-oxotetrahydrofuran-3-yljceph-3-em-4-carboxy-
late

. Prepared from t-butyl (6R,7R)-3-[BR or 38)-2-

oxotetrahydrofuran-3-yl]-7-phenoxyacetamidoceph-3-
em-4-carboxylate using the method described in Exam-
ple 2(a), (44%), (Found: M+, 340.1084. C;sHyoN20sS
requires M, 340.1093); vmax{CHClp) 1772, 1713, 1370,
1154 cmm—1; (250 MHz, CDCl3) 1.53 (9H, s), 1.63 (2H,
bs, exch.), 2.1-2.4 (1H, m), 2.6-2.8 (1H, m), 3.05 and
3.80 (2H, ABq, J 18.2 Hz), 4.25-4.55 (3H, m), 4.77 (1H,
d, J 5Hz), 5.00 (1H, d, J § Hz).

(b) t-Butyl
(6R,7R)-7-[2-(Z)-methoxyimino-2-(2-tritylamino-
thiazol-4-yl)acetamido]-3-[3R or
3S)-2-oxotetrahydrofuran-3-yljceph-3-em-4-carboxy-
late

Prepared by the method described in Example 7(b),
(87%), vmax(CHCl3) 3397, 1771, 1733, 1690, 1525, 1248,
1046 cm—!, 6 (250 MHz, CDCl3) 1.53 (9H, s), 2.1-2.35
(1H, m), 2.65-2.8 (1IHm), 3.05 and 3.82 (2H, ABq, J 18.4
Hz), 4.07 (3H, s), 4.25-4.55 (3H, m), 5.11 (1H, d, J 4.9
Hz), 597 (1H, dd, J 8.9, 4.9 Hz), 6.69 (1H, d, J 9.1 Hz),
6.74 (1H, s), 7.00 (1H, s), 7.30 (15H, s); [mass spectrum:
4 ve ion (3-nitrobenzyl alcohol-sodium acetate) MNa+
(788)]. |

EXAMPLE 15

Sodium
(6R,7R)-7-[2-(2-aminothiazol-4-yl)-2-(Z)-methox-
yiminoacetamido]-3-[(3RS)-2-oxotetrahydrofuran-3-
yljceph-3-em-4-carboxylate

Prepared using the method described in Example 8,
(714%), vmax(KBr) 1753, 1672, 1604, 1529, 1377, 1037
cm—1; §5(250 MHz, (CD3)2S0) 2.1-2.5 (2H, m), 3.00
and 3.43, 3.18 and 3.36 (together 2H, 2ABq, J 16.6, 17.1
Hz), 3.83 (3H, s), 4.14.4 (2H, m), 4.5-4.7, 5.1-5.3 (to-
gether 1H, m), 5.00, 5.03 (together 1H, 2d, J 4.7 Hz),
5.51, 5.57 (together 1H, 2dd, J 4.7, 8.2 Hz), 6.74, 6.77
(together 1H, 2s), 9.50, 9.55 (together 1H, 2d, J 8.2Hz);
[mass spectrum: +ve ion (thioglycerol) MH+ (490),
MNa+ (512)]

In Vitro Biological Data

MIC (ug/ml)
__Organism__

Example No. E. coli (INCTC 10418) S. aqureus (Oxford)
3 | <0.03 | 1.0
5 <0.03 0.25
8 32.0 4.0
10 0.12 8.0
15 0.25 4.0
We claim:

1. A compound of formula (I) or a salt thereof:
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|
RV B M
RZNH-EE-(
S
0# N / R4
CO,R3
wherein
R! is hydrogen, methoxy or formamido; 10
R2? is acyl selected from the group consisting of
Al(CHz)p—CH—(CHz)m—Co— _ (a)
X 15
A,CO— ®)
CH; COo— (c)
/ N\ / 50
X9 C
N /N
CH; X1
Ar—X3=—(CH3)p—CO— (d)
I
N
7
OA4
and 30
Ay C—CO— ()
|
A
’ 35
wherein
pis 0, 1 or 2;

misO, 1 or2;

Aj is Cp.6 alkyl; C3.6 cycloalkyl; cyclohexenyl; cy- ,,
clohexadienyl; phenyl or naphthyl, each optionally
substituted with up to five substituents selected
from the group consisting of halogen; mercapto;
Ci.6alkyl; phenyl; Cj.¢ alkoxy; hydroxy(Ci.e)alkyi;
mercapto(Ci.g¢)alkyl; halo(Ci.¢)alkyl; hydroxy; 4s
amino; nitro; carboxy; Ci.¢ alkylcarbonyloxy; C(i.
6)alkoxycarbonyl; formyl; C(i.¢)alkylcarbonyl; (C;.
6)alkylthio and (Cj.¢)alkyloxy;

X is hydrogen; halogen; carboxylic acid; carboxylic
ester; sulphonic acid; azido; tetrazolyl; hydroxy; sg
acyloxy; amino; ureido; acylamino; heterocy-
clylamino; guanidino or acylureido;

A is phenyl or naphthyl, each optionally substituted
with up to five substituents selected from the group
consisting of halogen; mercapto; Ci.¢ alkyl; phenyl; 55
C1.6 alkoxy; hydroxy(Cy.e)alkyl; mercapto(Cj.¢)al-
kyl; halo(Ci.¢)alkyl; hydroxy; amino; nitro; car-
boxy; C(i.¢)alkylcarbonyloxy; C(i.¢)alkoxycarbo-
nyl; formyl; Ci.¢ alkylcarbonyl; and dithietane; |

X5 is CHOCH3; CH2SCH; or alkylene: 60

X3 is oxygen or sulphur;

A1 is phenyl or naphthyl, each optionally substituted
with up to five substituents selected from the group
consisting of halogen; mercapto; Cj.¢ alkyl; phenyl;
Ci.6 alkoxy; hydroxy(Ci.¢)alkyl; mercapto(Ci.¢)al- 65
kyl: halo(Ci.¢)alkyl; hydroxy; amino; nitro; car-
boxy; C(i.¢)alkylcarbonyloxy; C(;.¢)alkoxycarbo-
nyl; formyl; and C(;.¢)alkylcarbonyl,;
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A4 1s hydrogen; Ci.ealkyl; Cis.gcycloalkyl; (Cj.¢)al-
koxycarbonyl(Ci.¢)alkyl; phenyl or naphthyl, each
optionally substituted with up to five substituents
selected from the group consisting of halogen;
mercapto; Ci.¢ alkyl; phenyl; Ci.¢ alkoxy; hydrox-
v(Ci.¢)alkyl; mercapto(Ci.¢)alkyl; halo(Ci.¢)alkyl;
hydroxy; amino; mnitro; carboxy; C(j.¢)alkylcar-
bonyloxy; C(i.¢)alkoxycarbonyl; formyl; C(j-¢)al-
kylcarbonyl: Ca.¢ alkenyl; carboxy(Ci.¢)alkyl; Ca.6
alkynl; aryl{Ci.¢)alkyl; and other acyl groups found
in the 7-position of antibacterially active cephalo-
sporins; CO2R3 is carboxy; carboxylate anion; or
R3 is a readily removable carboxy protecting
group; R4 is a v-lactone ring optionally containing
an endocyclic double bond, which ring is option-
ally substituted at any carbon atom by C;-Cg alkyl;
C;-Cs dialkylamino; alkoxy; hydroxy; halogen;
phenyl or naphthyl, each optionally substituted
with up to five substituents selected from the group
consisting of halogen; mercapto; Cj.¢alkyl; phenyl;
Ci.6 alkoxy; hydroxy(Ci.¢)alkyl; mercapto(Ci.¢)al-
kyl; halo(Ci.¢)alkyl; hydroxy; amino; nitro; car-
boxy; C(j.¢)alkylcarbonyloxy; C(j.¢)alkoxycarbo-
nyl: formyl; and C(;.¢) alkylcarbonyl; or is option-
ally di-substituted at two adjacent carbon atoms,
which are available for substitution, to form an
aromatic fused bicyclic system wherein at least one
ring is a 5-membered lactone ring and X 1s sulphur.

2. The compound according to claim 1 wherein

A1 is selected from the group consisting of phenyl,
substituted phenyl, thienyl, pyridyl and thiazolyl;

Aj is selected from the group consisting of phenyl;
2,6-dimethoxyphenyl; 2-alkoxy-l-naphthyl;  3-
arylisoxazolyl and 3-aryl-5-methyl isoxazolyl,
wherein said aryl is phenyl or naphthyl, each op-
tionally substituted with up to five substituents
selected from the group consisting of halogen;
mercapto; Ci.¢ alkyl; phenyl; Ci.¢ alkoxy; hydrox-
y(Ci.¢)alkyl; mercapto(Ci-¢)alkyl; halo(Ci.e)alkyl;
hydroxy; amino; nitro; carboxy; C(i.¢)alkylcar-
bonyloxy; C(i.g)alkoxycarbonyl; formyl; and C(;-
6)alkylcarbonyl; and

A3 is selected from the group consisting of phenyl,
substituted phenyl, and aminothiazolyl wherein the
amino group may be substituted.

3. The compound according to claim 1 in which R2is

an acyl group of formula (e):

A3—C—CO— (e)
L
"N

2

OAs

wherein

Ajis phenyl, substituted phenyl, or aminothiazolyl in
which the amino group is optionally protected;
A4 is hydrogen; Cj.¢ alkyl; Cs.g cycloalkyl; (Cj.¢)al-
koxycarbonyl(Ci.¢)alkyl; Cs.¢ alkenyl; carboxy(C;.
6)alkyl, Ci.¢ alkynyl: aryl or aryl(Ci.¢)alkyl
wherein said aryl is phenyl or naphthyl, each op-
tionally substituted with up to five substituents
selected from the group consisting of halogen;
mercapto; Ci.¢ alkyl; phenyl; Ci.¢ alkoxy; hydrox-
y(Ci.¢)alkyl; mercapto(Ci-¢)alkyl; halo(Cj.g¢)alkyl;
hydroxy; amino; nitro; carboxy; C(j.¢)alkylcar-
bonyloxy; C(;.¢)alkoxycarbonyl; formyl; and C(;.

6)alkylcarbonyl.
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4. A compound according to claim 1 in which Rlis
hydrogen.

§. A compound according to claim 2, wherein Ajis
2-aminothiazol-4-yl or 2-tritylaminothiazol-4-yl and A4
is hydrogen, methyl, triphenylmethyl, t-butoxycar-
bonylmethyl or carboxymethyl.

6. A compound according to claim 1 in which
CO;R3 is carboxy or a carboxylate anion, or R3 is tert-
butyl or pivaloyloxymethyl.

7. A compound according to claim 1 in which R#is
2-oxotetrahydrofuran-5-yl, 2-oxotetrahydrofuran-4-yl
or 2-oxotetrahydrofuran-3-yl.

8. A compound according to claim 1 in which X 1s §
or SO. |

9. A compound according to claim 1 in which R! is
hydrogen; R2 is 2-(2-aminothiazol-4-yl)-2-(Z)-methox-
yiminoacetyl, 2-(2-aminothiazol-4-yl)-2-(Z)-hydrox-
yiminoacetyl or 2-(2-aminothiazol-4-yl)-2-(Z)-carbox-
ymethoxyiminoacetyl; CO2R3 is carboxy or a carboxyl-
ate anion, or R3 is pivaloyloxymethyl; R4 is 2-oxotet-
rahydrofuran-5-yl, 2-oxotetrahydrofuran-4-yl or 2-
oxotetrahydrofuran-3-yl; and X is sulphur.

10. A compound of formula (Ia) or a pharmaceuti-
cally acceptable salt or pharmaceutically acceptable in
vivo hydrolysable ester thereof:

! Ia)
TOE X (
R%JHT(
N
o3l R4
CO;R56
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wherein R}, R?2, R4and X are as defined with respect to
formula (I) in claim 1 and CO;R®is a carboxy group or
a carboxylate anion.

11. A compound of formula (Ia) or a pharmaceuti-
cally acceptable salt or in vivo hydrolysable ester
thereof as defined in claim 10, selected from the group
comprising:
(6R,7R)-7-[2-aminothiazol-4-yl)-2-(Z)-methox-

yiminoacetamido]-3-[(SRS)-2-oxotetrahydrofuran-3-

yl]ceph-3-em-4-carboxylic acid,
(6R,7R)-7-[2-(2-aminothiazol-4-yl)-2-(Z)-hydrox-
yiminoacetamido]-3-[(5RS)-2-oxotetrahydrofuran-3-
yljceph-3-em-4-carboxylic acid,
(6R,7R)-7-[2-(2-aminothiazol-4-yl)-2-(Z)-methox-
yiminoacetamido]-3-[(4R S-2-oxotetrahydrofuran-4-
yl]ceph-3-em-4-carboxylic acid,
(6R,7R)-7-[2-(2-aminothiazol-4-yl)-2-(Z)-carboxyme-
thoxyiminoacetamido]-3-[(5RS)-2-oxotetrahydrofu-
ran-5-yljceph-3-em-4-carboxylic acid, and
(6R,7)-7-[2-(2-aminothiazol-4-yl1)-2-(Z)-methox-
yiminoacetamido]-3-[(3RS)-2-oxotetrahydrofuran-3-
yljceph-3-em-4-carboxylic acid.

12. Pivaloyloxymethyl (6R,7R)-7-[2-(2-aminothiazol-
4-y1)-2-(Z)-methoxyiminoacetamido]-3-[(SRS)-2-
oxotetrahydrofuran-$-yljceph-3-em-4-carboxylate.

13. A pharmaceutical composition comprising a com-
pound of formula (Ia) or a pharmaceutically acceptable
salt or in vivo hydrolysable ester thereof, as defined in
claim 10, and a pharmaceutically acceptable carrier.

14. A pharmaceutical composition according to claim
13 further comprising a 3-lactamase inhibitor.

15. A method of treating bacterial infections in hu-
mans and animals which comprises the administration
of a therapeutically effective amount of a compound of
formula (Ia) or a pharmaceutically acceptable salt or in

vivo hydrolysable ester thereof, as defined in claim 10.
kK % % *
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